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(54) Type IV collagen high molecular form, and production and diagnostic use thereof 



(57) A type IV collagen high molecular form having 
a higher molecular weight than the 7S domain of type 
IV collagen and including the 7S domain in its structure 
is obtained from the supernatant being recovered from 
a collagen solution digested by pepsin in the following 
steps: 

1) salt precipitating with sodium chloride at a con- 



centration no higher than 1 2M, 

2) dissolving the precipitates, 

3) salt precipitating with sodium chloride at a con- 
centration no higher than previous concentration. 
By reacting a sample with an antibody which reacts 
with this form, the type IV collagen high molecular 
form in the sample can be measured to allow diag- 
nosis of the degree of liver fibrosis in patients with 
liver diseases. 
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Description 

BACKGROUND O- THE INVENTION 
s 1 . Field o f Invention 

[0001] The present invention relates tc a type IV collagen nigh molecular form and tc a process for its production 
The invention furtner relates to a method for measuring tne type IV collagen hign moiecuiar form and to a method of 
diagnosing the oearee of liver fibrosis based on that assay 

10 

2 Relateo Art 

[0002] It is well known that liver fibrosis is occurred in patients with liver diseases which is caused by the unbalance 
between synthesis and degradation of type IV collagen in the liver leading to an excess synthesis rather than degre- 
es dation A number of repons have been published on the usefulness of serum type IV collagen determination as an 
indicator of liver fibrosis and it is known that type IV collagen level in the serum increases with progression of diseases 
from chronic hepatitis to liver cirrhosis (Japanese Unexamined Patent Publication No 5-100000, Sarto et al . Liver 
Vol.37. No. 6. p 30^-311 ) This occurs because the major component of fibrotic regions in the liver is type IV collagen 
and therefore serum levels of type IV collagen directly reflect the histological degree of liver fibrosis. 
20 [0003] Incidentally, the type IV collagen molecules in the blood are released into the blood during the progression 
of liver fibrosis, i.e. during the process of synthesis and degradation of type IV collagen in the liver, and they are not 
uniform in terms of molecular species This is because the structure of type IV collagen is a network structure composed 
ot the amino terminal 7S domain, the carboxyi terminal NCI and NC2 regions and an iniermfiriiatG triple helical region 
come together in a helix form, and this structure is partially degradated by collagenase and released into the blood. 
25 [0004] According to reports by Murawaki et al in J. Hepatology. Vol 24 p. 148-1 54, 1 996 and Clinica Chimica Acta, 
212 , p. 73-78 (1992) (hereunder, "CC A") when assay is performed using an antibody whicn recognizes the 7S domain 
primarily 2 major molecular species are detected as type IV collagen in the blood (1 ) a high molecular form containing 
the 7S domain and having a molecular weight higher than that of the 7S domain, and (2) the 7S domain itself. According 
to the same reports, when the assay is performed using an antibody which recognizes the 7S domain and an antibody 
30 which recognizes the triple helical region, a type IV collagen smaller than both (1) and (2) is detected. These facts 
demonstrate that 3 kind of molecules which have different molecular weights are existed as the type IV collagen mol- 
ecules in serum. 

[0005] Reports in CCA also indicate that these 3 molecular species are present as type IV collagen in the blood of 
both healthy persons and patients with liver disease However during the progression of diseases from chronic hepatitis 

35 to liver cirrhosis in patients, the serum level of the high molecular form which contains the 7S domain and has a larger 
size than that of 7S domain, is notably increased among the 3 molecular species of type IV collagen. This type IV 
collagen high molecular form is believed to be type IV collagen in almost complete form without any degradation by 
collagenase. and therefore increase or decrease in tne amount of the high molecular form of type IV collagen in the 
blood are considered to be direct reflection of the increase or decrease in type I V collagen synthesis ; while the increase 

40 or decrease in the 7S domain or lower molecular size type IV collagen in the blood are considered to reflect the increase 
or decrease in type IV collagen degradation from fibrotic liver. 

[0006] However until now there have been no reports regarding separation and purification of the high molecular 
form of type IV collagen. Even in the aforementioned reports by Murawaki et al.. where the patient serum is separated 
by gel filtration and a commercially available type IV collagen assay kit is used to determine the reactivity of each 
4 * fraction it is merely indicated that antigenicity is also found in the fraction having a higher molecular weight than that 
of 7S domain 

[0007] Although commercially available type !V col.ager -assay kits exist which car. show the reactivity for the type 
IV collagen high molecular form ihcy have nign reactivity lor the aforementioned 78 domain itself or for the smaller 
type IV ccliagen. whereas no kit has been available which shows specific determination of only the type : V collagen 
50 high moiecuiar form Consequently, no assay met noes has existed which directly reflects the synthesis of type IV collagen 
in the liver 

[0008] Incidentally, a monoclonal antibody (hereunder referred to as "monoclonal antibody 67") which is produced 
by the hybndoma COL IV-67 (deposited at the National Institute of Bioscience and Human Technology on September 
27. 1994 as FERM P-145S1. and transferred on September 25. 1995 to a deposit in accordance with the Budapest 
55 Treaty, as FERM BF-5240; described in Japanese Unexamined Patent Publication No 8-100000 has been shown to 
r cact specifically with tne type IV collagen high molecular form therefore it was assumed that the type IV collagen high 



2 



EP0 911 343 A2 



ammec Patent Publication No 5-100000 
SUMMARY OF INVENTION 

5 [0009] It has seen demonstrated that the progression of liver fibrosis is caused by an unbalance of syntnesis and 
metabolism, o' collagen leading tc excessive synthesis of type IV collagen Consequently a more direct method for 
assessing the progression of liver fibrosis would be to measure specifically the high molecular form of type IV collagen 
which increases marKedty in the progression of liver disease and which directly reflects type IV collagen synthesis 
without simultaneously measuring the 7S domain or the lower molecular form type IV coliager. botn of which are 

ic thought to be degradation products of type IV collagen This would allow more sensitive detection of accelerated syn- 
thesis of type IV collagen in the initial stages of liver fibrosis. 

[0010] It is an object of the p'esent invention to provide a method lor obtaining this type IV collagen high molecular 
form and measuring it in a specific manner and to provide a method whereby assay of the type IV collagen high 
molecular form is used for more sensitive ana detaiied diagnosis of the stages of liver fibrosis 
75 [0011] The present inventors have arrived at the present invention as a result of diligent research on this subject 
Specifically, the invention relates to a type IV collagen high molecular form having the following properties 

(a) having a molecular weight higher than that of the 7S domain of type IV collagen; 

(b) having the 7S domain in its structure. 

20 (c) being recovered from a collagen solution digested by pepsin in the following steps 

1 ) salt precipitating with sodium chloride at a concentration no higher than 1 .2M, 

2) dissolving the pi GCipiiales, 

3) salt precipitating with sodium chloride at a concentration no higher than previous concentration, and 
25 4) collecting the supernatant 

[0012] The invention further relates to a process for producing the type IV collagen high molecular form, comprising 
the steps of: 

30 (1 ) salt precipitating of a collagen solution digested by pepsin with sodium chloride at a concentration no higher 

than 1.2M : 

(2) dissolving the precipitates. 

(3) salt precipitating again with sodium chloride at a concentration no higher than the previous salt concentration, 
and then 

35 (4) collecting the supernatant to obtain the type IV collagen high molecular form. 

[0013] The invention still further relates to a method for measuring the type IV collagen high molecular form, com- 
prising the step of reacting an antibody specific to the aforementioned type IV collagen high molecular form with the 
type IV collagen high molecular form in a sample. 
40 [0014] The invention still further relates to a kit used for measuring the type IV collagen high molecular form, com- 
prising an antibody specific to the aforementioned type IV collagen high molecular form. 

[001 5] The invention still further relates to a method for diagnosing the degree of liver fibrosis using the aforemen- 
tioned assay method 

[0016] The invention, still further relates to a method for measuring the type IV collagen high molecular form, com- 
J 5 prising the steps of 

;a' measuring the value of type 'V collagen high molecular form in a sample. 

fb) measuring trie value of type IV collagen high molecular !orm in a healtny person and 

(c) determining the ratic between (a) and (b) 

50 

[0017] The invention stili fu r ther relates to a method for diagnosing the degree of liver fiorosis based on the ratio 
determined in this manne r ^"he invention will now be explained in more detail 

3RIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig 1 is a gnaph showing a cnlibra'.ion curve tor the assay system according to the invonticr as obtained in 




in Example 4 

[0020] Fig 3 is a graph showing the reactivity of the commercial kit (A) for different antigens, as obtained in Example 4 
[0021] Fig 4 is a graph showing the reactivities of tne assay system of the invention and the commercial Kits (A' and 
(B'i for each fractions separated by ge ! filtration as obtamec in Examole 5 
5 [0022] Fig 5 ts a grapn showing the ROC curve obtained in Example 6 

DETAILED DESCRIPTION 

[0023] The type 'V coliagen hign molecular form according to the invention has a moiecu:a r weight higher than that 
ic of the 7S domain of type IV coliagen This was confirmee by gel filtration in which the type IV collagen high molecular 
form was always eluted out prior to the type IV collagen 7S Domain. Aiso. the presence of the 7S domain in the structure 
was confirmed by its reactivity with a commercially available type IV collagen 7S domain kit (Type IV Collagerv7S Kit 
product of Nihon DPC Corporation hereunder referred to as "kit (A)") (Type IV Collagen/75 Kit User's Manual. Nihon 
DPC Corporation: Yamada et al . Clin Biochem Vol 25 p 467-470 1992: Risteli et al Eur J Biochem Vol 105 p. 
IS 239-250. 1930) 

[0024] The type IV collagen high molecular form of the invention is recoverec from a collagen solution digested by 
pepsin in the lollowmg steps. 

1 ) salt precipitating with sodium chloride at a concentration no higher than 1 2M, 
20 2) dissolving the precipitates 

3) salt precipitating with sodium chloride at a concentration no higher than previous concentration and 

4) collecting the supernatant. 

[0025] There are no particular restrictions on the collagen solution solubilized by pepsin digestion used for the in- 

2S vention. and it may be prepared by a conventional method For example, it may be obtained according to the method 
of Sage et al. (J. Biol. Chem. Vol.254. No 19. p. 9893-9900 1979). The collagen solution may aiso be appropriately 
purified, if necessary, priorto salt precipitation with the < 1 .2 M sodium chloride. The precipitation with the <1 .2 M sodium 
chloride is carried out preferably with 0.5-1 .0 M. and more preferably with 0.6-0 5 M sodium chloride. After dissolving 
the precipitate, the solution sodium chloride concentration was increased up to a concentration no higher than the 

30 previous salt concentration, and the supernatant is recovered. There are no particular restrictions on the method of 
obtaining the type IV collagen high molecular form from the recovered supernatant, and if necessary it may be ac- 
complished by appropriate salt precipitation, dissolution, dialysis, column chromatography (DEAE-Sepharose : gel fil- 
tration, etc ) and similar purification methods A particularly preferred method of purifying the type IV collagen high 
molecular form is to obtain the fraction which elutes out prior to the 7S domain by gel filtration. 

35 [0026] Most conventional type IV collagen purification is carried out according to the aforementioned method of Sage 
et al , whereby a collagen solution solubilized by pepsin digestion is precipitated with 0.7 M sodium chloride and the 
supernatant is recovered instead of the precipitate unlike the present invention According to the invention, however, 
a collagen solution solubilized by pepsin digestion is precipitated with sodium chloride at a concentration no higher 
tnan 1.2 M and the resulting precipitate is recovered, making it possible to obtain type IV collagen of higher molecular 

40 weight retaining virtually its complete structure. According to the invention the precipitation tsthen repeated with sodium 
chloride at a concentration lower than the previous salt concentration and the sjpernatant containing the type IV col- 
lagen high molecular form is recovered. 

[0027] The method of measuring the type IV collagen high molecular form according to the inventior is characterized 
by reacting an antibody specific to the type IV collagen high molecular form witn the type IV collagen high molecular 
fo r m in a sample 

[0028] The antibody used here is not particularly restricted so long as it reacts specifically with the type !V collagen 
high molecular form and it may be either a monocionai antibody or polyclonal antibody The method of preparing the 
antibody is also no! restricted and it may oe prepared using the type IV collagen h-gh molecular fo r m as the mmunogen 
or using a genetic engineering method Monocionai antibody 67 is an example of a monoclonal antibody which reacts 
*o specifically with the type IV collagen high molecular form As mentioned above this monoclonal antibody is produced 
by the hybndoma COL IV-67 (deposited at the National Institute of Bioscience and Human Technology on September 
27. 1994 as FERM F-14561. and transferred on September 25, 1995 to a deposit in accordance with the Budapest 
Treaty, as FERM B p -5240). 

[0029] There are nc particular restrictions on the method o' reacting the antibody specific for the type IV collagen 
ss high molecula' form with the type IV collagen high molecular form in a sample and any known immune reaction system 
may be employed Examples include the sandwich assay method and the competitive assay method and a specific 
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[0030] The reagent used lor the assay method of the invention may be in a form ot kit Such a kit contains as a 
reagent an antibody specific for the type IV collagen high molecular form and the assay can be accomplished by 
reacting it with the type IV coliagen high molecular form in a sample 

[0031] According tc the invention it is possible tc diagnose the degree ot live- fibrosis of patients by reacting the 
s antibody specific to the type IV coliagen high molecular form with the type IV collagen high moiecula r form in a sample 
tc detect tne type IV coliagen high molecular form It has been demonstrated that the cause of such liver fibrosis is an 
unbalance of synthesis and metabolism of coliagen leading tc excessive synthesis of type IV collagen. Thus for a 
more direct observation of the progression of liver fibrosis, it is important to measure the type IV collagen high moiecuiar 
form which is believed tc directly reflect collagen synthesis and which increases markedly in liver cirrhosis rathe- than 
ic measuring the 7S domain or lower molecular weight type IV collagen which are consiaered to oe degradation products 
of type IV collagen 

[0032] Currently the New Inuyama Classification is used tc indicate degrees of liver fibrosis (Progress in Hepatitis 
C Research Mutations in the Hepatitis Virus. A Reexamination of the Inuyama Classification edited by the Inuyama 
Symposium Records Publication Committee Chugai Medical. 1996. p 163-188). which establishes the categories of 

■ 5 F0 no fibrosis, F1. fibrous portal expansion. F2. bridging fibrosis (portal-portal or portal-central linkage) F3 bridging 
fibrosis with lobuiar distortion and F4 iiver cirrhosis It has been found that when the type IV collagen high molecular 
form is measured in the serum from patients with the stages described above, levels of type IV collagen increased in 
proportion to the severity of fibrosis, i.e. with progressing of iiver fibrosis. Consequently assay of the type IV collagen 
high molecular form in blood according to the invention ailows both discrimination and diagnosis of the degree of liver 

20 fibrosis. 

[0033] The invention is also a method for measuring the type IV collagen hign molecular form in a sample, comprising 
the steps of: 

(a) measuring the value of type IV collagen high molecular form in the sample. 
25 (b) measuring the value of type IV collagen high molecular form in a healthy person, and 

(c) determining the ratio between (a) and (b). There are no particular restrictions on the assay method for the type 
IVcollagen high molecular form used, but an assay specific tothe type IVcollagen high molecular form is preferred, 
and an assay using an antibody specific for the type IV collagen high molecular form as according to the invention 
is even more preferred. 

30 

[0034] By determining the ratio between (a) and (b) it is possible to clarify the degree of liver fibrosis For example, 
the value of (a)/(b) was correlated increases with the grades through the aforementioned New Inuyama Classification, 
i.e with progressing liver fibrosis. As mentioned above, 3 kinds of molecules are known as type IV collagen As com- 
pared with measuring all of molecular species of type IV collagen and taking the ratio of type IV collagen of a healthy 

35 person to the type IV collagen in the sample, a greater increase of ratio will be obtained in proportion to the severity 
of liver fibrosis by using the type IV collagen high molecular form and determinating the ratio (a )/(b). By thus determining 
the value of (a)/(b) it is possible to make better decision and diagnosis regarding the degree of fibrosis in liver 
[0035] According to the invention, it is possible to obtain the type IV collagen high molecular form which is considered 
tc directly reflect the synthesis of type IV collagen in the liver and to be more similar to the form existed in the body. 
It is generally believed that in the initial stage of generation of liver fibrosis, the increase in coliagen synthesis is occurred 
first prior to the increase in its degradation, and therefore the assay method of the invention makes us possible to 
detect the initial increase in collagen synthesis which allows us to begin the therapy earlier and to obtain a more effect 
In particular, interferon therapy is effective for chronic hepatitis but it is ineffective if the disease has progressed tc liver 
cirrhosis In addition, interferon therapy is more effective for earlier grades of liver fibrosis (Japanese Unexamined 

-*s P dtent Publication No 8-33451 3) Thus it is important to discover fibrosis in its early stage, and the assay system of 
the invention is effective for detecting early-stage fibrosis in interferon therapy the decision for allowing the use of 
mierferon lies generally between F2 and r 3 of the New Inuyama Classification, and therefore it is important to use an 
assay method whicn can distinguish between F2 and F3 in particu!a r as according to tne invention The assay system 
of the invention can also be prepared as a kit 

so [0036] Moreover the invention is effective not only for detection of collagen synthesis but aiso for monitoring of the 
therapeutic effects by interferon and the like That is while obtained values become high in conventional assay methods 
even if the amount of collagen degradation nas increased after the first treatment, according to the method of the 
invention which can detect collagen synthesis it is believed that the determined value will decrease from the point at 
which the therapy begins so that it will be possible to prevent unnecessary therapy and excess medicine 

55 

E vAMPLES 
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be limited in any way by these examples The monocional antibody 67 and the polyclonal antibody tor type IV collagen 
used m the following examples are tnose described in Japanese Unexamined Patent Publication No 5-1 03000 

Example " ^reparation o' human type ! V coltaoer aniige" 

[0038] Using commercially availaole kits (products of Abcott Co ) 21 human fuli-term placentas (lyophihzed wnich 
nac beer, confrmed tc ce HBV. HCV anc H'V-1 '2 negative were thaweo anc after remova: of tne biood components 
by centrifugation they were homogenized with a meat gnnoe r tc p r ecare a raw materia: with a wet weigh! o ; 5 500 g 
This was suspended in a 4-fob volume (WAT of a 1C mM Tris-HC butler dH 7 5 1C mM EDTA-3N& and tne suspension 

to was stirred to- 20 hours at 4 D C Next, the suspension was centnfugec 4200 rpm fo r 20 minutes at 4°C using BecKman 
JS-4 2 roto r and the precipitate was collected A 10 mM Tns-HCI buffer pH 7.5 10 mM EDTA-3Na was then used for 
washing the precipitate, which was repeated 3 times Next washing with a 4-fold volume (W/V) of a 50 mM Tns-HCI 
buffer pH 7 5 1 .0 M NaCI. 10 mM EDTA-3Na and 0.5 M acetic acid was repeated 4 times each in the same manner, 
to obtain 1 3 Kg of washed materia! 

75 [0039] After suspending 1200 g of the washed material m 0.5 M acetic acid and adjusting tne volume to 4 500 ml 6 
g of pepsin (product of Sigma Co ) was added and the reaction mixture was stirred for 120 hours at 4°C for pepsin 
digestion After centnf ugation of digested material. 1 5,000 x G 'or 2 hours, at 4°C : 0 5 M acetic actd was added to the 
resulting supernatant to adjust back to 4,500 ml the solution was stirred while adding 526 g of sodium chloride thereto, 
and the sodium chloride concentration was adjusted to 2.0 M after which the mixture was further stirred for 20 hours 

20 at 4°C to precipitate the sol ubiJized collagen fraction. The suspension was centnf uged at 15 000 xG ; 2 hours, 4°C to 
obtain a precipitate which was then suspended in 0 5 M acetic acid and dissolved while stirring for 20 hours at 4°C. 
This was centrifuged for 2 hours, at 4°C, 15 000 x G and the protein concentration of the resulting supernatant was 
adjusted m?fl mg/ml wilh 0 5 M acetic and The protein concentration was determined by the Lowry method with a 
BSA standard (product of Biorad Co.) as reference 

25 [0040] Sodium chloride was added to the above-mentioned solubilized collagen solution while stirring to a final con- 
centration of 0.7 M and stirring was continuea for 20 hours at 4 D C. According to the aforementioned report by Sage 
et a! the type IV collagen is recovered in the supernatant at this point, but in order to obtain the more completed form 
of type IV collagen which is present in the body, the precipitate obtained by centnf ugation at 15.000 x G. 2 hours 4°C 
was recovered, again suspended in 0.5 M acetic acid dissolved by stirring for 20 hours at 4°C and then centrifuged 

30 under the same conditions as above to obtain a supernatant After adjusting the protein concentration of the supernatant 
to 2.0 mg/ml with 0 5 M acetic acid, sodium chloride was again added to a final concentration of 0.7 M with stirring, 
and after further stirring for 20 hours at 4°C. the supernatant was obtained by centrifugation in the same manner. 
Sodium chloride was again added to the supernatant to a final concentration of 1 .6 M and stirring was continued for 
20 hours at 4°C 

35 [0041] The precipitate obtained by centrifuging 15.000 x G for 2 hours at 4°C, was suspended in a 50 mM Tris-HCI 
buffer pH 7.5 containing 1 .0 M NaCI. and after adjusting the pH to 7.0 with 1.0 M NaOH and stirring for 2 hours at 4°C 
for dissolution, it was dialyzed overnight at 4°C against a 50 mM Tns-HCI buffer. pH 7.5. containing 1 .0 M NaCI. The 
dialysate was centrifuged, 100 000 x G for 30 minutes at 4°C to obtain a supernatant, and after adjusting the protein 
concentration to 2 0 mg/ml with a 50 mM Tns-HCI buffer, pH 7.5 containing 1 0 M NaCI. sodium chloride was added 

40 to a final concentration of 2.0 M with stirring, and stirring was continued for 20 hours at 4°C and followed by centrifugation 
under the same conditions as before to obtain a precipitate. 

[0042] The precipitate was dissolved in 0.1 M acetic acid and after dialysis overnight at 4°C against 0.1 M acetic 
acic. the solution was centrifuged 1 00.000 x G for 30 minutes at 4°C. After adjusting the protein concentration of the 
resulting supernatant to 1 0 mg/ml with 0 1 M acetic acid, sodium chloride was added to a final concentration of 0.2 M 
45 with stirring and stirring was continued for 20 hours at 4°C after which the mixture was centrifuged 100 000 x 3 for 
30 minutes at 4°C tc obtain a supernatan: sodium chloride was adaed to a final concentration of 3 7 M. with stirring 
was continues for 20 hours at 4 5 C find then the precipitate Dbtaired f r om centnf ugation in the same manner was again 
si. spondee :r. a 53 mM Tns-HCI buffer pH 7 5. 1 C M Nad 

[0043] After adjusting the pH to 7 0 with 1 C M NaOH and stirring for 2 hours at 4°C for dissolution, the solutior was 
5c dialyzed overnight at 4°C against a 53 mM Tns-HC: buffer pH 7 5 10 M NaC The supernatant obtained by centrifu- 
gation from this dialysate. 100.000 x G for 30 minutes at 4 C C was adjusted tc a protein concentration of 1 0 mg-ml with 
a 50 mM Tns-HC: buffer. pH 7.5. 1 0 M NaCI. after which sodium chloride was added to a final concentration of 1 3 M 
with stirring, and stirring was continued for 20 hou'S at 4°C Sodium chloride was added to the supernatant obtained 
from centrifugation to a final concentration of 2 C M with stirnng and after fu r ther stirring for 20 hours at 4°C the 
55 precipitate obtained by centrifugation in the same manner was disso'ved in 1 C mM acetic acid and then the dialysate 
from overnight dialysis against 10 mM acetic acid at ^ r C was centrifuged for 30 minutes at 100 000 x G 4°C 
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obtained by centrilugation ot the diaiyzed solution 100.000 x G for 30 minutes at 4 5 C was diaiyzed lor 20 hours at 4°C 
against a 5 mMTns-HCI buffer ph 7.5 containing 2 0 M urna The supernatant obtained by centnfugation of the diaiyzed 
solution 1 00.000 x G lor 30 minutes at 4°C was applied lo DEAE-Sepharose column which had been equilibrized with 
a 5 mM Tns-HCI Duller. pH 7 5 containing 2 C M urea anc after washing a ? column-volume of the same ouffe r it was 
£ eluted with the equiiibrizec Duffer containing 1 50 mM NaCI The aosorbance at 230 nm was measured ir. each fraction 
and the eluates cor r espondmg to the peaks were pooled Pooled material was diaiyzed against 1 0 mM acetic acic and 
was followed by centnfugation 1 00.000 x G for 30 minutes a: 4°C. to obtain human type IV collagen d 50 mg, containing 
the type IV coliagen high molecular form in the supernatant 

1 C Example 2 Purification ot human type IV collagen hign molecula^ form 

[0045] The type IV collagen obtained by the methoc descriDec above was subjected to molecular weight fractionation 
to obtain the type IV collagen hign molecuiar form. 

[0046] After dialysis of 25 mg of the human type IV collager obtained in Example 1 against 0.1 M acetic acid sodium 
"•s chloride was added to a final concentration of 4 5 M anc the precipitation was performed by stirring overnight at 4°C 
The suspension was centnfuged for 30 minutes at 4 D C 100.000 x G. After dissolving the precipitate in a 50 mM Trts- 
HCs buffer ph 7.5, containing 10 M CaC; 2 followed by overnight dialysis against a 50 mM Tris-HCI buffer pH 7 5 
containing 1.0 M CaCI 2 at 25°C. heat treatment was carried out for 30 minutes at 45°C. The heat treated solution was 
centnfuged for 30 minutes at 25°C, 100 000 x G, and the resulting supernatant was applied to a Superose 6 column 
20 which had been equilibrized with a 50 mM Tris-HCI buffer pH 7 5 containing 1 0 M CaCI 2 . for gel filtration at room 
temperature. The fractions which were eluted out in the void volume (up to the front of the initial peak) were pooled, 
and after dialysis using 10 mM acetic acid, the supernatant by centnfugation for 30 minutes at 4°C, 100,000 x G was 
collected as a human type IV collagen high molecular form (3 mg). 

25 Example 3 Construction of assay system for type IV collagen high molecular form 

[0047] Monoclonal antibody 67 was used to construct an assay system for the present invention, in the manner of 
Example 4 of Japanese Unexamined Patent Publication No. 5-100000. In briefly a sandwich assay system was con- 
structed using polystyrene beads as the solid phase, alkaline phosphatase as the labeling substance monoclonal 
30 antibody 67 as the solid phase antibody and anti-type IV collagen polyclonal antibody as the labeled antibody. Fig. 1 
shows the calibration curve obtained by measurement of the type IV collagen high molecular form at different concen- 
trations prepared according to Example 2 in this assay system Fig. 1 showed that this assay system was confirmed 
to be a type i V collagen high moiecular form assay system 

35 Example 4 Evaluation of reactivities for 7S domain and type IV collagen high molecular form by the assay system of 
the invention and a commercial kit (A) 

[0048] The monoclonal antibody 67 was immobilized on a plate and to each well there was added either the authentic 
7S domain (calibrator of commercial kit (A)) or the type IV collagen high molecular form obtained in Example 2 at 

40 different concentrations for antigen-antibody reaction, and after washing, HRP-labe!ed rabbit anti-type IV collagen 
polyclonal antibody was added, the amount of HRP bound ontc the well was quantified to examine the differences of 
antigens in reactivity were examined. The results are shown in Fig 2 In this graph, the vertical axis indicates absorb- 
ance and the horizontal axis indicates the antigen concentration. The solid circles represent the type IV collagen high 
molecuiar form, and the triangles represent the 7S domain These results demonstrated that in the assay system of 

45 the invention reveals higher reactivity toward the type IV collagen high molecular form than toward the 7S domain 
thus allowing more specific detection of the type IV collagen hign molecular form Fig 3 shows the results of reactions 
using the same antigen in the commercial kit (Ai Here as well the solid circles represent the type IV collagen high 
molecular form and the triang cs represent the 75 aomam The vertical axis indicates BSC which is trie ratio between 
the radioactive count in tne bound product of tne antigen-antiDOdy r eaction when antigen was addeo to the radioactive 

$-0 count in tne bound product without antigen As clearly shown r. Fig 3 the type IV collagen high mciccu.a* form and 
the 75 domain exhibited almost equivalent reactivity in the commercial kit (A) 

Example 5 Reactivity for fraction separated by gel filtration chromatography of human se r um 

55 [0049] A serum from a patient with liver cirrhosis was centnfuged for 10 minutes at 20°C 15000 rpm. and a 0 2 ml 
portion of the supernatant was separated at room temocratu-e using Superose 6 HRl 0'30 which had been eauilibnzed 
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collagen assay kit (Panassay IV-C Daiichi Chemicals, hereunder referred to as "commercial kit (B)") Using separated 
serum descrioed above The results are shown in Fig 4 in this graph, the squares represent the absorbance at 290 
nm. the soiid circles regresent the results using tne assay system of the invention the outlined circles represent the 
results using kit (A) anc tne triangles reoresent Kit (3) 

5 [0050] As shown in Fig 4 both the type IV collagen hign molecular torm and the 7S domain (moiecuiar weight 23Ki 
are detectec witn the commercial kit ■ A\ as descrioed in the aforementioned report by Murawaki et al and antigenicity 
related to 75 collagen appeared in 2 peaks It was tound that the commercial kit (B) recognizes only smaller molecules 
than 7S domain (r. contrast the present assay system achieves soecific oetection fo r the type IV collagen high mo- 
lecular torm which has a laigc r molecular weignt than that of 7S domain anc the position of this peak was coincided 

io with the peaks of the commercial kit (A) Since this peaK of the type IV collagen high moiecuiar form reflects the amount 
of type IV collagen synthesized in the liven the assay method of the invention whicn specifically detects the type IV 
collagen high molecular fonr, can be considered to be an assay system which more accurately reflects the generation 
of type IV collagen 

15 Example 6 Clinical study using the assay system of trie invention which specifically detects the type IV collagen high 
moiecuiar form 

[0051] The assay system of the invention according to Example 3 was used for measurement of the type IV collagen 
high molecular form using serum obtained from patients, with liver diseases., and the results were compared with the 
^0 degree of liver fibrosis according to histological diagnosis by liver biopsy A total of 164 subjects were classified ac- 
cording to the New Inuyama Classification incicating tne degree of liver fibrosis as follows: FQ + F1 : 47 cases. F2 43 
cases, F3 27 cases, F4 47 cases The mean values and standard deviations for these groups are listed in Table 1. 



Table 1 



25 



Classification 


No of cases 


Mean concentration (ng/'ml) 


Standard deviation (ng/ml) 


F0 & F1 


47 


10.34 


5.317 


F2 


43 


12.99 


5.053 


F3 


27 


20. 3B 


6.692 


F4 


47 


39.55 


24.518 



[0052] Table 1 shows that the assay values for the type IV collagen high molecular form according to the present 
invention increase with the progression of liver fibrosis, i.e from F0+F1 to F4. The Fisher analysis was also used to 
assess whether a statistical significant difference existed between the groups The results are shown m Table 2. 

35 

Table 2 



Significance level of 5% 


Reference groups 


Comparison 


Difference in mean 


Ignored value 


p value 


Significant 




groups 


values 






difference 


F0&F1 


F2 


-2.648 


5.893 


0.3762 


no 


F0&F1 


F3 


-10.043 


6.743 


0.0038 


yes 


F0&F1 


F4 


-29 207 


5.760 


<0.0001 


yes 


F2 


F3 


-7 395 


6.857 


0.0347 


yes 


F2 


F4 


-25 £59 


5 693 


<0 0001 


yes 


F3 


F4 


-19 164 


6.743 


,-0.0001 


yes 



[0053] Table 2 shows that whue nc significant difference was found between F0 + F1 and F2. significant differences 
sc were found between the other groups , e between r 0-f r 1 and F2 cetween F0 + F1 and r 4. between F2 and r 3 
between F2 and F4 and between "3 anc F4 Thus : the assay system of the present invention ahows distinction to be 
made between these groups so that the degree of liver fibrosis can be diagnosed In particular, the assay system of 
the present invention makes it possible for the first time to distinguish oetween F2 and F3. which cannot be distinguished 
according to conventional assay methods 
5f [0054] With an ROC curve for F3 and F4 (corresponding to tne conventional distinction between enrome active hep- 
atitis and liver cirrhosis) scrum hipn moiecuiar form type iV collagen concentration was 82 1°« specific and 50 9% 



8 




9 ng'ml) 

Example 7 Clinical study usmc the assay system of this invention (2) 

s [0055] Serum was collected from patients with liver diseases and measured using the method according tc Example 
3 of the present invention or using the commercial kit ( A'i A total of 1 9? subjects were classified according to the New 
in jyams Classification indicating the deo/ee of liver fibrosis as follows Healthy 33 cases. FC 4 Fl 47 cases F2 43 
cases F3 29 cases. F4 47 cases. Tne mean values and standard deviations tor these groups a r e listed in Table 3 

*c Table 3 



20 



Classification 


No of cases 


Assay values according tc the present 
invention 


Assay values according tocommercial kit 
(A) 


Mean value (ng- 
ml) 


Standard 
deviation 


Mean value (ng'ml) 


Standard 
deviation 


healtny 


33 


5.79 


1 45 


4.03 


0.59 


F0+F1 


47 


10.54 


5.27 


4 76 


1 59 


F2 


43 


12.99 


5.05 


5.24 


1 49 


F3 


29 


20.06 


5 45 


6.60 


1.62 


F4 


47 


40.13 


24 12 


11.61 


5 17 



[0056] As shown in Table 3, the mean values with the assay method of the present invention indicated a greater 
increase in assay values in proportion to the degree of liver fibrosis compared to those with commercial kit (A). This 
2S is believed to be due to the more specific detection of the type IV collagen high molecular form by the method of the 
present invention than by the commercial kit (A). 

[0057] The results in Table 3 were used as the basis for a statistical t test to assess whether significant differences 
existed in the values of the different groups. Table 4 shows the results for the invention, and Table 5 shows the results 
for the commercial kit (A). 

30 

Table 4 



35 



40 



Significance level of 5% 


Reference 


Comparison 


Difference in 


t value 


t limit value 


p value 


Significant 


groups 


groups 


mean values 




(both ends) 




difference 


Healthy 


F04F1 


-4.88 


-6.068 


2.006 


<0.0001 


yes 


Healthy 


F2 


-7.33 


-9.122 


2.010 


<0.0001 


yes 


Healthy 


F3 


-14.42 


-9 091 


2.045 


<0.0001 


yes 


Healthy 


F4 


-34.47 


-9.776 


2.013 


<0.0001 


yes 


F0+F1 


F2 


-265 


-1.807 


1.988 


0.074 


no 


F0+-F1 


F3 


-9.54 


-6.070 


1.993 


<0.0001 


yes 


F0+F1 


F4 


-29.59 


-6.216 


1.936 


<0.0001 


yes 


F2 


F3 


-7.64 


-4 902 


1.995 


<0.0001 


yes 


F2 


F4 


-27.69 


-7.237 


1 966 


<0 0001 


yes 


F3 


F4 


-20.05 


-4.306 


1 993 


<0.0001 


yes 















Sign i 4 


cance level c* 5°c> 




Reference 


Comparison 


Difference in 


t value 


t limit value 


p value 


Significant 




groups 


groups 


mean values 




{both ends) 




difference 




Healtny 


F0+F1 


-0 80 


-3.151 


2 002 


0 0024 


yes 


55 


wealthy 


F2 


26 


-5 155 


2 004 


<rO 0001 


yes 




Healthy 


F3 


-2 52 


-6.045 


2 042 


<0 0001 


yes 
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Table 5 ( continued ■ 



ID 



Significance level of 5% 


►3 pf pr pnrp 

ICIUI CI IOC 




Ditf prpn^p in 


t value 


* limn value 


p value 


Significant 


groups 


groups 


mean values 




(both ends) 




difference 


F0 + F1 


F2 


-0 46 


-1 405 


1 955 


0 164 


no 


FO + Fl 


F3 


-1 82 


-4 657 


2 005 


<0.0001 


yes 


F0+F1 


F4 


-7 04 


-5.756 


1 955 


<0.0001 


yes 


F2 


F3 


-1 36 


-3 523 


2 007 


0 0009 


yes 


F2 


F4 


-5 53 


-7.592 


1 990 


<0 0001 


yes 


F3 


F4 


-5 22 


-5 072 


1 997 


<0 0001 


yes 



[0058] The analysts of the t test showed significant differences are existed in the results obtained by both the present 
J 5 invention and Ihe commercial kit (A) for all tests except the test between the F0+F1 group and the F2 group For the 
analysis between the F0+F1 group and the F2 group, when the p vaiues for the present invention and the commercial 
kit (A) were compared, the assay according to the present invention gave a markedly lower p value ; indicating that the 
assay of the present invention more precisely reflects the difference in histological conditions between the F0+F1 group 
anc the F2 group For distinction between the F2 group and F3 group as well the p value was less than 0.0001 for the 
20 present invention but 0.0009 for the commercial kit (A) : indicating that the present invention more precisely reflects 
the difference in histological conditions between the F2 group and F3 group From these results it is obvious that 
measurement of the type IV collagen high molecular form according to the present invention reflects the degree of 
progression of liver fibrosis more accurately than the commercial kit (A) and can therefore give a better indicator lor 
assessing the progression of liver fibrosis without biopsy. 

25 

Example 5 Clinical study using the assay system of this invention (3) 

[0059] The values in Table 3 of Example 7 were used as the basis for determining the ratios (a)/(b) for (a), the type 
IV collagen high molecular form in samples of each group and fb): the type (V collagen high molecular form of the 
30 healthy person according to the assay method of the present invention. The ratios (a')/(b') for (a')- the values for each 
group and (b l ): the value for the healthy person using the commercial kit (A) were also determined. The results are 
shown in Table 6. 



Table 6 



35 



40 



Classification 


Ratio to assay value for healthy person 


Present invention 


Commercial kit (A) 


Healthy 


1.00 


1.00 


F0+F1 


1.82 


1.19 


F2 


2.24 


1.30 


F3 


3.47 


1.64 


F4 


6.93 


2.93 



[0060] As clearly seen from Table 6. the ratios (aV(b) lor the present invention showed higher increases in value in 
proportion to the degree of liver fibrosis as compared to ihe ratios (a')'(b') determined with the commercial kit (A), thus 
better reflecting the progression of liver fib r osis Consequently distinction and diagnosis of degrees of liver fibrosis 
can be more clearly provided in eany stages by determining the ratio (a).'(b) according to the present invention Pre- 
sumably this is because the assay according to the present invention specifically detects the type IV collagen high 
molecular lorm whiie the assay with the commercial kit (A) detects both the type IV collagen high molecula r form and 
the 7S domain, as shown in Examples 4 and 5. It is therefore seen that when determining this ratio it is important to 
determine the ration based on the method which can specifically detect the type IV collagen high molecular form 



Claims 
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(a) having a molecular weight higher than that of the 7S domain ol type IV collagen, 

(b) having the 7S domain in its structure 

(c) being recovered from a collagen solution digested oy pepsin in the following sieps 

5 1 ) salt precipitating with sodium chloride at a concentration no higher than i 2M 

2) dissolving the p'ecipitates 

3) salt precipitating with sodium chloride at a concentration no Higher than previous concentration and 

4) collecting the supernatant 

■ c 2. The type IV collagen high molecular form according to claim 1 . wherein the type IV collagen high molecular form 
is reactive with a monoclonal antibody proauced by the hybndoma COL IV-67 (PERM BP-5240). 

3. A process tor producing a type IV collagen hign molecular form, comprising the steps of 

15 (1 j salt precipitating of a collagen solution digested by pepsin with sodium chloride at a concentration no higner 

than 1 2 M, 

(2) dissolving the precipitates 

(3) salt precipitating again with sodium chloride at a concentration no higher than the previous salt concen- 
tration and then 

20 (4) collecting the supernatant to obtain the type IV collagen high molecular form. 

4. The process according to claim 3. wherein the type IV collagen high molecular form is reactive with a monoclonal 
antibody produced by the hybndoma COL IV-67 (PERM RP-5240) 

25 5. a method for measuring a type IV collagen hign molecular form, comprising the step of reacting an antibody specific 
to the type IV collagen high molecular form of claim 1 with the type IV collagen high moiecuiar form in a sample. 

6. The method according to claim 5. wherein the antibody specific to the type IV collagen high molecular form is a 
monoclonal antibody produced by the nybridoma COL IV-67 (PERM BP-5240) 

30 

7. A kit used for measuring a type !V collagen high molecular form comprising an antibody specific to the type IV 
collagen high molecular form of claim 1. 

8. The kit according to claim 7.. wherein the antibody specific to the type IV collagen high molecular form is a mono- 
35 clonal antibody produced by the hybridoma COL IV-67 (PERM BP-5240). 

9. A method for diagnosing the degree of liver fibrosis, comprising the step of using the assay method of claim 5. 

10. The method according to claim 9. wherein the antibody specific to the type IV collagen high molecular form is a 
40 monoclonal antibody produced by the hybridoma COL IV-67 {PERM BP-5240) 

11. A method for measuring a type IV collagen high molecular form., comprising the steps of: 

(a) measuring the value of type IV collagen high molecular form in a sample. 
45 (b) measuring the value of type IV collagen high moiecuiar form in a healthy person and 

(c) determining the ratio between (a) and (bi 

12. Tnc method according to claim 11. wherein the type IV collagen nigh molecular form is mactive with a monoclonal 
antibody produced by the hybndoma COL IV-67 ;FERM BP-5240). 



5C 



13. A method for diagnosing tne degree of liver fibrosis comprising the step of using the assay method of claim 11. 

14. The method according to claim 1 3. wherein the type !V collagen high mclecular form is reactive with a monoclonal 
antibody produced by the hybridoma COL IV-67 (PERM BP-5240). 
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